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Abstract 

Background: Sudan is a large country with a diverse population and history of civil conflict. Poverty levels are high 
with a gross national income per capita of less than two thousand dollars. The country has a high burden of 
tuberculosis (TB) with an estimated 50,000 incident cases during 2009, when the estimated prevalence was 209 
cases per 100,000 of the population. Few studies have been undertaken on TB in Sudan and the prevalence of 
drug resistant disease is not known. 

Methods: In this study Mycobacterium tuberculosis isolates from 235 patients attending three treatment centers in 
Sudan were screened for susceptibility to isoniazid, rifampicin, ethambutol and streptomycin by the proportion 
method on Lowenstein Jensen media. 232 isolates were also genotyped by spoligotyping. Demographic details of 
patients were recorded using a structured questionnaire. Statistical analyses were conducted to examine the 
associations between drug resistance with risk ratios computed for a set of risk factors (gender, age, case status - 
new or relapse, geographic origin of the patient, spoligotype, number of people per room, marital status and type 
of housing). 

Results: Multi drug-resistant tuberculosis (MDR-TB), being resistance to at least rifampicin and isoniazid, was found 
in 5% (95% CI: 2,8) of new cases and 24% (95% CI: 14,34) of previously treated patients. Drug resistance was 
associated with previous treatment with risk ratios of 3.51 (95% CI: 2.69-4.60; p < 0.001) for resistance to any drug 
and 5.23 (95% CI: 2.30-11.90; p < 0.001) for MDR-TB. Resistance was also associated with the geographic region of 
origin of the patient, being most frequently observed in patients from the Northern region and least in the Eastern 
region with risk ratios of 7.43 (95%CI:3.42,16.18; p: < 0.001) and 14.09 (95%CI:1. 80,1 10.53; p:0.026) for resistance to 
any drug and MDR-TB. The major genotype observed was of the Central Asia spoligotype family (CAS1_Delhi), 
representing 49% of the 232 isolates examined. 

Conclusions: We conclude that emergence of drug resistant tuberculosis has the potential to be a serious public 
health problem in Sudan and that strengthened tuberculosis control and improved monitoring of therapy is 
needed. Further surveillance is required to fully ascertain the extent of the problem. 
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Background 

The Republic of Sudan is the largest country on the 
African continent covering 2.5 million km with a cur- 
rent estimated population of approximately 45 million, 
42% of whom are believed to be under the age of 15 
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years [1]. The population is culturally and ethnically 
diverse with several hundred tribal groupings speaking 
over 130 languages [2]. The country contains 26 states 
divided between five geographic regions Eastern, Wes- 
tern, Southern, Northern and Central Sudan which 
includes the Capital Khartoum. However, following a 
recent referendum the region of South Sudan became 
an independent state in July 2011 [3]. During 2010 an 
estimated 40% of the people lived in an urbanized 
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environment [1]. It is a poor country and gross national 
income per capita was less than two thousand interna- 
tional dollars during 2009 with a life expectancy at birth 
of 58 years [4]. The country has been severely affected 
by war, famine and flood in recent decades and has a 
large population of internally displaced persons [5]. It 
has high burden of tuberculosis (TB) with a prevalence 
of 209 cases per 100,000 of the population and 50,000 
incident cases during 2009 [6]. The estimated adult HIV 
prevalence of 1.5% remains lower than that of its Afri- 
can neighbors to the south and a report from 2002 sug- 
gested 4% of tuberculosis patients were co-infected with 
HIV [5]. Tuberculosis care and treatment is provided by 
the National Tuberculosis Control Program under the 
auspices of the Ministry of Health and by a number of 
non-governmental organizations (NGOs) who provide 
care to displaced persons, including those living in refu- 
gee camps [5]. Treatment is also provided by the private 
sector [7]. At the time of this study the Sudan National 
TB Program treatment policy was for an intensive phase 
of rifampicin, isoniazid, pyrazinamide and streptomycin 
daily under direct supervision for two to three months 
until the patient became smear negative followed by 
eight months of isoniazid and ethambutol [7]. Thioace- 
tazone was previously used in the place of ethambutol 
[8,9]. Patients unable to attend on a daily basis were put 
on a 12-month regimen excluding rifampicin. Smear- 
negative pulmonary patients and non severe extra-pul- 
monary cases were given isoniazid and ethambutol daily 
for twelve months, supplemented by daily streptomycin 
injections during the initial phase [5]. While some 
NGOs refer patients to the national program others pro- 
vide treatment using their own regimens. TB treatment 
in the private sector is not regulated [7]. 

The emergence and spread of strains of tuberculosis 
that are resistant to the drugs used in standard first line 
treatment poses a serious threat to attempts to control 
the disease [10]. Drug resistance in M. tuberculosis 
arises through the selection of spontaneous mutations 
by inadequate therapy. Resistance to multiple drugs 
arises through sequential selection of mutations. Resis- 
tance to both the key drugs rifampicin and isoniazid is 
termed multi drug-resistant tuberculosis (MDR-TB). 
Patients with MDR-TB frequently fail to be cured by 
standard drug treatment and may remain infectious and 
a potential source of onward transmission. Treatment 
for MDR-TB requires alternative chemotherapy for at 
least 18 months using more expensive drugs [ll]of 
heightened toxicity [12,13]. In Sudan treatment is pro- 
vided at the Abu-Anga Teaching Hospital [14], where 
the drugs available are ciprofloxacin, ofloxacin, cycloser- 
ine, ethionamide and amikacin [7]. From 2005 to 2008 
small numbers of patients were treated for MDR-TB 
[14] but in 2009 ninety four patients commenced 



second line treatment, thirty five were new patients and 
fifty nine were retreatment cases [6]. The prevalence of 
drug resistant TB in Sudan is not known. A previous 
study undertaken in central Sudan during 1965 reported 
high levels of resistance to the anti-tuberculosis drugs 
available at that time [15]. Cure rates have improved 
considerably since the establishment of the National 
Tuberculosis Control Program and introduction of short 
course chemotherapy, but no surveys of drug suscept- 
ibility have been reported [5,16]. Examination of isolates 
collected 10 years ago by molecular methods found evi- 
dence of MDR-TB in 2/39 retreatment cases [17]. The 
study also reported the dominance of a single Mycobac- 
terium tuberculosis genotype where over half of the 
strains examined (29/49) shared the same spoligotype 
pattern. 

The purpose of the current study was to investigate 
the susceptibly to anti-tuberculosis drugs and genotype 
of M. tuberculosis strains from patients attending three 
treatment centers in Sudan. Treatment history and 
demographic characteristics such as the geographic ori- 
gin of the patient were recorded and statistical analysis 
undertaken to assess genotypic and demographic factors 
associated with the emergence of drug resistant disease. 

Methods 

Scientific and ethical approval for the study was 
obtained from Al Neelain Ethical Review Board. Conse- 
cutive smear positive pulmonary tuberculosis patients 
attending out-patient chest clinics in three cities were 
invited to join the study. The recruitment centers were 
the Abu Anga Hospital (Omdurman, Central Sudan; 
estimated population 1.2 million), Al Shaab Teaching 
Hospital (Khartoum, Central Sudan; estimated popula- 
tion 1.9 million) and Port Sudan Hospital (Port Sudan, 
Eastern Sudan; estimated population 0.5 million) [18]. 
Study participants were enrolled three days per week, 
selected at random during May to December 2005. Spu- 
tum samples were requested and demographic data 
relating to age, gender, marital status, geographic origin 
of patient, tribe, occupation, housing (construction and 
numbers of persons) and previous history of tuberculo- 
sis was collected via a structured questionnaire. Where 
available HIV status was recorded but testing was not 
undertaken as part of this study. All participants gave 
their informed consent prior to submitting sputum spe- 
cimens and answering the questionnaire. 

The sputum specimens were decontaminated using 2% 
sodium hydroxide and concentrated by centrifugation 
prior to investigation by Ziehl-Neelsen smear micro- 
scopy [19]. For culture, sedimented samples were inocu- 
lated on Lowenstein Jensen (LJ) media containing 
glycerol. Following isolation and culture the M. tubercu- 
losis strains obtained were screened for resistance to 
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isoniazid, rifampicin, ethambutol and streptomycin and 
subjected to spoligotyping. For each patient, only the 
first available isolate was included in this study. Drug 
susceptibility testing was performed at the Sudanese 
National Reference Laboratory (Khartoum) for isoniazid, 
rifampicin, streptomycin and ethambutol by the propor- 
tion method on LJ [20]. Although the laboratory takes 
part in a program of external quality control the sam- 
ples in this study were not sent to another laboratory 
for confirmatory testing. 

Spoligotyping was performed on isolated cultures 
according to the Kamerbeek method [21] using a com- 
mercial kit to test for 43 individual spacers (Isogen, IJs- 
selstein, The Netherlands). All DNA extracts were 
tested at two dilutions (1:10, 1:100) and the spoligopat- 
terns obtained analysed using BioNumerics (Applied 
Maths, St-Martens-Latem, Belgium). Results obtained 
were compared with the international SITVIT database 
(Institut Pasteur, Guadeloupe). A subset of the isolates 
was subjected to secondary typing by MIRU/VNTR 
(mycobacterial-interspersed repetitive-unit variable num- 
ber-tandem-repeats) [22] where variable numbers of 
repeats within the genome are identified following 
amplification by PCR. Twenty four loci MIRU/VNTR 
analysis [23] was performed by a commercial company, 
Genoscreen (Lille, France) using a high throughput 
DNA Analyzer (3730XL Applied Biosystems). Samples 
selected for secondary typing were those found resistant 
to rifampicin that shared a common spoligotype. 

Statistical analyses were conducted in STATA version 
11. Two binary outcome variables were created: 1) resis- 
tance to at least one of the TB drugs (isoniazid, rifampi- 
cin, streptomycin or ethambutol) and 2) MDR status (an 
individual is MDR if resistant to both isoniazid and 
rifampicin). Associations between these outcome vari- 
ables and a set of risk factors (gender, age, case status - 
new or relapse, geographic origin of the patient, spoligo- 
type, number of people per room, marital status and 
type of housing) were examined. To this end, risk ratios 
and their associated Wald-type confidence intervals 
were computed, and for hypothesis testing the chi- 
square test was used. Exact binomial 95% confidence 
intervals were calculated for prevalence estimates. 

Results 

Full drug resistance data was obtained for strains from 
235 patients, 232 of which were genotyped. The geogra- 
phical origin of the 235 patients was unevenly spread 
with the Western, Eastern, Southern, Northern and 
Central regions providing 110 (47%), 54 (23%), 26 (11%), 
23 (10%) and 22 (9%) patients respectively. The geo- 
graphic spread of patients attending the recruitment 
centers is presented in Figure 1. Forty eight tribal 
groups were represented. Whereas the mix of patents 
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Figure 1 Distribution of geographic origin of patients by 
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attending Abu Anga and Al Shaab Hospitals was similar, 
the majority (83%) attending Port Sudan Hospital 
belonged to three pastoralist tribes not seen at the other 
two centers. The median age of participants was 35 
years and the interquartile range was 26-45 years. One 
hundred and seventy five (74%) of patients were male. 
Reported occupations included unskilled worker or 
laborer 31% (n = 72), housework 21% (n = 50), business 
11% (n = 26), student 10% (n = 24), unemployed 8% (n 
= 19), farmer 7% (n = 17), driver 5% (n = 11) or soldier 
2% (n = 4). A majority of women (71%) cited their occu- 
pation as being within the home. Forty percent of males 
were unskilled workers or laborers and 9% were unem- 
ployed. Seventy percent (164) of the patients whose iso- 
lates were tested were classed as new patients having 
received less than one month of anti-tuberculosis che- 
motherapy. Of the remainder 51 (22%) reported having 
previously completed a course of TB therapy and were 
classed as relapsed cases, 15 (6%) had experienced inter- 
rupted treatment and 5 (2%) were treatment failures. 
HIV tests results were available for 27 (12%) of patients, 
of whom 9 (33%) were HIV positive. 

Genotyping results 

DNA from 232 M. tuberculosis isolates were available 
for genotyping by spoligotyping. Results were compared 
with the SITVIT Database (Institut Pasteur, Guade- 
loupe). 160 (69%) of isolates had patterns that matched 
those in the database. Cluster analysis revealed that a 
single spoligotype pattern of the CASl_Delhi family 
(SIT25) was shared by 82 individuals (35%) and that an 
additional 32 (14%) patients were infected with strains 
of the same lineage but with differing SIT numbers. The 
SIT25 pattern is identical to that reported previously as 
a being highly clustered in isolates from Khartoum [17]. 
Of the spoligotype patterns not found in the interna- 
tional database a further 12 were identified as having 
identical patterns to SIT25 but lacking a single spacer 
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and for the purposes of further analysis were classified 
as belonging the to CASl_Delhi lineage. The distribu- 
tion of spoligotype lineages in the geographic regions of 
origin of the patient is presented in Table 1. The preva- 
lence of CASl_Delhi was highest in the Western region 
where it was observed in 67% of the cases examined. 

A subset of 17 isolates found resistant to rifampicin 
and identified as either SIT25 (CASl_Delhi) and 3 iso- 
lates SIT1 (Beijing/W) were subjected to secondary typ- 
ing by 24 loci MIRU. The results, as previously reported 
elsewhere [24], demonstrated that the rifampicin resis- 
tant spoligotype families were not comprised of identical 
strains. The 17 isolates with identical SIT25 spoligotype 
patterns were subdivided into 11 MIRU types (one clus- 
ter of 5, two clusters of 2 and 8 individual MIRU types). 
Similarly, the 3 SIT1 isolates were found by MIRU- 
VNTR to be a cluster of 2 and a single strain. 

Drug susceptibility 

127 patients (54%, 95% CI: 47,61) were found to have 
tuberculosis that was fully susceptible to isoniazid, 
rifampicin, ethambutol and streptomycin. The remaining 
108 patients (46%, 95% CI: 39,53) had resistance to at 
least one of the four drugs tested while 26 (11%, 95% 
CI: 7,16) were classed as MDR-TB, being resistant to at 
least isoniazid and rifampicin. The distribution of drug 
resistant cases with regard to treatment status is pre- 
sented in Table 2. In new cases resistance to at least 
one drug was observed in 43 patients (26%, 95% CI: 
19,33) with 8 (5%, 95% CI: 2,8) having MDR-TB. In the 
71 previously treated patients resistance to at least one 
drug was observed in 65 cases (92%, 95%CI: 83,101) and 
17 patients (24%, 95% CI: 14,34) had MDR-TB. 



Table 1 Regional distribution of spoligotype lineage by 
origin of the patient 

Lineage Number (%) of isolates by region. 





Central 


East 


North 


South 


West 


All 


CAS1_Delhi* 


10 


24 


9 (40.9) 


10 


73 (67) 


126 




(45.5) 


(45.3) 




(38.5) 




(53.9) 


T1 


1 (4.5) 


8 (15.1) 


2 (9.1) 


1 (3.9) 


4 (3.7) 


16 (6.9) 


Beijing/W 


1 (4.5) 


1 (1-9) 


1 (4.5) 


0 


4 (3.7) 


7 (3.0) 


H3 


1 (4.5) 


1 (1-9) 


0 


1 (3.9) 


4 (3.7) 


7 (3.0) 


CAS 


1 (4.5) 


1 (1-9) 


0 


0 


2 (1.8) 


4 (1.7) 


LAM7_TUR 


1 (4.5) 


2 (3.8) 


0 


0 


0 


3 (1.3) 


U 


0 


3 (5.7) 


0 


0 


0 


3 (1.3) 


T2 


0 


0 


0 


0 


3 (2.8) 


3 (1.3) 


S 


0 


1 (1-9) 


0 


0 


0 


1 (0.4) 


LAM9 


0 


1 (1-9) 


0 


0 


1 (0.9) 


2 (0.9) 


No SIT 


7 (31.8) 


11 


10 


14 


18 


60 (26.3) 






(20.8) 


(45.5) 


(53.9) 


(16.51) 





•Includes 114 CAS1_Delhi isolates matching SIT patterns 24, 25, 141, 232, 247, 
309, 381, 1198, 1203 or 1787 and an additional 12 strains having spoligotype 
patterns one spacer different to SIT25. 



When compared to new cases previously treated 
patients had significantly increased risk of drug resistant 
disease, with a risk ratio of 3.51 (95% CI: 2.69-4.60) for 
resistance to any drug and 5.23 (95% CI: 2.30-11.90) for 
MDR-TB. Analysis of demographic characteristics of the 
population with respect to drug resistance is presented 
in Table 3 and for MDR-TB in Table 4. The prevalence 
of drug resistance was found to vary by the geographic 
origin of the patient, being most prevalent in patients 
originating from the Northern region and least prevalent 
among those from the East. MDR-TB was found in 
patients belonging to 14 of the 48 tribes represented. 
The Ja'alya from the Northern region had the highest 
number of cases (5/13; 39%) followed by the Jawama 
from the West (4/15; 27%). Other tribes in which MDR- 
TB was detected included the Dinka (2/16), Hasania (3/ 
13), Manaseir (1/2) Masalit (1/6), Mesaria (2/10), Mima 
(1/1), Nawir (1/4), Nouba (1/15), Rashaida (1/4), Shai- 
gyiah (2/15), Shamblia (1/3) and Tama (1/5). 

Fifty three patients (23%) were found resistant to 
rifampicin of which 26 were also resistant to isoniazid 
and were classed as having MDR-TB. Thus the predic- 
tive value of rifampicin resistance for MDR-TB (i.e. the 
proportion of rifampicin resistant patients who had 
MDR-TB) was 49%. The predictive value varied by 
region, being 100%, 50%, 50%, 75% and 36% in the Cen- 
tral, South, East, North and Western regions 
respectively. 

Discussion 

Sudan is a poor country whose healthcare delivery sys- 
tem has been placed under considerable strain in the 
past two decades through civil unrest, natural disasters 
and other economic factors. We present the first study 
to ascertain levels of drug resistant tuberculosis since 
the adoption of multi drug short course therapy and 
establishment of a DOTS program in 1992 [16]. The 
high levels of MDR observed in re-treatment patients 
(24%) and variation in the prevalence of resistance 
across geographic regions is a cause for concern and 
suggests that sub optimal treatment has been adminis- 
tered. Evidence of inadequate treatment is provided by a 
study of 19 patients attending Abu Anga Hospital dur- 
ing 2008 who had failed treatment with first line drugs, 
where over half (10) reported interrupted treatment 
[14]. Similarly, of 24 patients taking second line treat- 
ment for MDR-TB five had interrupted treatment once, 
and a further thirteen had interrupted treatment on 
more than one occasion. Reasons given for the inter- 
rupted treatment were lack of money, lack of drugs and 
feeling well. When compared to other reports from the 
region the prevalence of MDR in re-treatment patients 
is approximately double the estimate for Ethiopia to the 
East (12%) [25] and Kampala to the South (13%) [26] 
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Table 2 Susceptibility to anti-tuberculosis drugs by treatment category (Number and %) 



Treatment category. 


Pan susceptible 






Resistant 




MDR-TB 


Isoniazid 


Rifampicin 


Streptomycin 


Ethambutol 


1 + R 


New (N = 164) 


121 (73.8) 


17 (10.4) 


22 (13.4) 


24 (14.6) 


9 (5.5) 


8 (4.9) 


Relapse (N = 51) 


4 (7.8) 


21 (41.2) 


20 (39.2) 


37 (72.6) 


32 (62.8) 


1 3 (25.5) 


Interrupted N = 15 


2 (13.3) 


4 (26.7) 


9 (60) 


1 2 (80) 


7 (46.7) 


4 (26.7) 


Failed N = 5 


0 


1 (20) 


2 (40) 


3 (60) 


5 (100) 


0 



but is less that the 38% reported from Egypt, Sudan's 
Northern neighbour [25]. It should be noted that North- 
ern Sudan, the region with the highest prevalence of 
MDR has been badly affected by both war and drought 
and considerable displacement of peoples has occurred. 
Egypt is currently host to a large Sudanese refugee and 
migrant population with consequent cross border move- 
ment. In the population studied those at increased risk 
of drug resistance included individuals of male gender 
and those living in a brick dwelling or sleeping in a 
room shared by more than six persons. Although not 
statistically significant these findings suggest that life 
style may influence the outcome of treatment and emer- 
gence of drug resistant disease. 



Table 3 Prevalence of resistance within demographic 
subgroups 



Variable 




% 
RES 


95% CI 


RR 


95% CI 


P- 

value 


SEX 


Male 


45.7 


38.2,534 


1 








Female 


46.7 


33.7,60.0 


1.02 


0.74,1.40 


0.898 


AGE 


< = 30 


39.5 


29.2,50.7 


1 








31-44 


54.8 


43.5,65.7 


1.39 


1.00,1.92 






> = 45 


43.1 


30.8,56.0 


1.09 


0.74,1.60 


0.118 


CASE 


New 


26.2 


19.7,33.6 


1 








Relapse 


92.2 


81.1,97.8 


3.51 


2.69,4.60 






Failure/ 
Interrupted 


90.0 


68.3,98.8 


3.43 


2.55,4.61 


< 0.001 


ORIGIN 


East 


11.1 


4.2,22.6 


1 








West 


53.6 


43.9,63.2 


4.83 


2.23,10.47 






North 


82.6 


61.2,95.0 


7.43 


3.42,16.18 






South 


57.7 


36.9,76.6 


5.19 


2.28,11.83 






Central 


40.9 


20.7,63.6 


3.68 


1.49,9.11 


< 0.001 


SPOLIGOTYPE 


CAS1-DEL 


'19.1 


39.6,58.7 


1 








Other 


32.2 


20.6,45.6 


0.66 


0.43,0.99 






Unknown 


53.2 


40.1,66.0 


1.08 


0.80,1.46 


0.043 


MARITALSTATUS 


Married 


45.8 


36.6,55.2 


1 








Not 

married 


46.2 


36.9,55.6 


1.01 


0.76,1.33 


0.952 


TYPEOFHOUSE 


Brick 


63.9 


46.2,79.2 


1 








Mud 


45.6 


37.5,54.0 


0.71 


0.53,0.97 






Shelter 


36.2 


22.7,51.5 


0.57 


0.36,0.89 


0.040 


PERSON/ROOM 


< 6 


44.4 


34.9,54.3 


1 








6+ 


48.4 


39.3,57.5 


1.09 


0.82,1.44 


0.548 



Whilst the data from this study clearly indicates a pro- 
blem with the treatment of tuberculosis in Sudan it does 
not provide a full picture of the situation. Three TB 
treatment centres were sampled. A fourth centre El 
Obeid Hospital in a more southern location was 
sampled but susceptibility tests were not completed. 
Sampling may have been affected by the location of the 
treatment centers as some rural populations may have 
reduced access to such urban facilities [8]. The ratio of 
males to female participating in the study (2.8) is higher 
than that reported nationally (1.7) [6] and may reflect 
inequalities of access to the recruitment sites. Further 
surveillance is needed to quantify the prevalence of 
resistance in Sudan and identify those areas of the coun- 
try in need of strengthened TB treatment supervision. In 
addition, external quality assurance should be imple- 
mented for studies of susceptibility to anti-tuberculosis 
drugs. Testing for resistance to second line drugs was 
not undertaken during this study and the prevalence of 
XDR-TB in Sudan is not known. 

Resistance to rifampicin occurs less frequently than 
resistance to isoniazid and in many settings may be 
taken as an indicator for the presence of MDR-TB [27]. 
The high level of rifampicin resistance in the absence of 
resistance to isoniazid observed in this study (11.5%) 
points to inappropriate therapy, where the drugs have 
been taken separately rather than in combination. A 
review of the management and supply of TB drugs in 
Sudan conducted in 2008 noted that appropriate treat- 
ment guidelines were often absent from treatment cen- 
tres and that control of TB drugs in the private sector 
was lacking [7]. They also found that supply problems 
resulted in low stocks of combination therapy (isoniazid 
plus rifampicin) in some centers and that some stocks 
of drugs were past their expiry date. The use of rifampi- 
cin to treat other conditions such as brucellosis may 
also be a contributory factor [28]. The problem was 
most acute in patients originating from the West of 
Sudan which includes the regions of Kordofan and 
Dafur which have experienced civil unrest in recent 
years. It is important that expanded studies are underta- 
ken to ascertain the prevalence of monoresistance to 
rifampicin in Sudan in accordance with WHO guidelines 
[19]. A low predictive value of resistance to rifampicin 
for MDR-TB in Sudan would reduce the ability to 



Sharaf Eldin et al. BMC infectious Diseases 201 1, 1 1:219 
http://www.biomedcentral.eom/1 471-2334/1 1/219 



Page 6 of 8 



Table 4 Prevalence of MDR-TB within demographic subgroups 



Variable 




N 


% MDR 


95% CI 


RR 


95% CI 


P-value 


SEX 


Male 


175 


12.0 


7.6,17.8 


1 








Female 


60 


8.3 


2.8,18.4 


0.69 


0.27,1.76 


0.435 


AGE 


< = 30 


86 


7.0 


2.6,14.6 


1 








31-44 


8<1 


1 7.9 


1 0.4,27.7 


2.56 


1 .04,6.28 






> = 45 


65 


7.7 


2.5,17.0 


1.1 


0.35,3.46 


0.046 


CASE 


New 


1 64 


4.9 


2.1,9.4 


I 








Relapse 


51 


25.5 


14.3,39.6 


5.23 


2.30,1 1.90 






Failure/Interrupted 


20 


25 


8.7,49.1 


5.12 


1.85,14.16 


< 0.001 


ORIGIN 


East 


5-1 


1.9 


0.0,9.9 


1 








West 


1 10 


1 0.9 


5.8,18.3 


5.89 


0.79,44.14 






North 


23 


26.1 


1 0.2,48.4 


14.09 


1.80,1 10.53 






South 


26 


1 1.5 


2.4,30.2 


6.23 


0.68,57.04 






Centra 


22 


18.2 


5.2,40.3 


9.82 


1.16,82.99 


0.026 


SPOLIGOTYPE 


CAS1-DEL 


114 


13.2 


7.6,20.8 


I 








Other 


59 


8.5 


2.8,18.7 


0.64 


0.25,1.69 






Unknown 


62 


9.7 


3.6,19.9 


0.74 


0.30,1.80 


0.597 


MARITALSTATUS 


Married 


118 


9.3 


4.7,16.1 


1 








Not married 


117 


12.8 


7.4,20.3 


1.38 


0.66,2.87 


0.393 


TYPEOFHOUSE 


Brick 


36 


13.9 


4.7,29.5 


I 








Mud 


149 


1 1 ,-1 


6.8,17.6 


0.82 


0.32,2.08 






Shelter 


47 


8.5 


2.4,20.4 


0.61 


0.18,2.12 


0.737 


PERSON/ROOM 


< 6 


108 


7.4 


3.3,14.1 


1 








6+ 


124 


14.5 


8.8,22.0 


1.96 


0.89,4.33 


0.087 



predict MDR-TB when using the new generation of 
molecular tests such as the Xpert MTB/RIF (Cepheid, 
California, USA) [29] which rely on detection of muta- 
tions in a sub unit of the RNA polymerase gene. Data 
from neighbouring countries is limited but in 2002 the 
predictive value of rifampicin resistance for MDR-TB in 
Egypt at 72.4% was also lower than international norms 
[30]. That 73% of re-treatment cases and 15% of new 
patients were found to have strains resistant to strepto- 
mycin suggests that the efficacy of this drug is limited 
in this setting. It is an injectable drug that necessitates 
regular attendance at a health clinic and the high levels 
of resistance observed suggest its role in the treatment 
of TB in Sudan should be reappraised. 

The predominance of the CASl_Delhi spoligotype and 
the number and variety of types within the lineage sug- 
gest that it has been present in the region for some time 
and it is likely that lineages such as Beijing/W, T and 
LAM7 TUR were more recently introduced. The high- 
est proportion of CASl_Delhi strains (66%) was 
observed in patients from the poorly accessible Western 
region but the majority of Tl, LAM7 TUR and S strains 
were found in the Eastern region which has access to 
the Red Sea and international trading routes. Although 
not highly significant, strains belonging to the CAS1_- 
Delhi lineage were found more likely to have developed 
drug resistance or MDR than those with other 



spoligotype patterns. It has been speculated that Beijing 
strains are growing in prevalence in some regions of the 
world and that they are prone to drug resistance [31,32]. 
In this study two of the seven Beijing isolates identified 
were found to be MDR. However, further studies shall 
be required to determine the significance of this obser- 
vation in the Sudanese population. 

Spoligotyping provided a relatively simple and rapid 
means of describing the population of tuberculosis 
strains circulating in Sudan. However, we demonstrated 
improved discrimination of strains sharing the CAS1_- 
Dehli and Beijing spoligotypes when using MIRU- 
VNTR. For future studies we recommend that secondary 
typing with MIRU-VNTR be undertaken on all resistant 
strains having identical spoligotypes. We also observed 
that a batch of membranes supplied by the manufac- 
turers consistently gave false positive results for one of 
the spacers (position 33). Thus although simple to per- 
form, spoligotyping requires careful monitoring to avoid 
inappropriate interpretation of results. 

Conclusion 

Our findings suggest that the emergence of drug resis- 
tant tuberculosis may be a serious problem in Sudan. 
Expanded surveillance is required to determine the pre- 
valence of drug resistant tuberculosis in Sudan. The 
strong association of resistance with previous treatment 
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observed suggests that improved monitoring of treat- 
ment and direct observation of therapy should be imple- 
mented to limit the emergence of drug resistant disease. 
Our findings also suggest that the origin of the patient 
is a risk factor for the development of resistance and 
surveillance should be undertaken to assess geographic 
differences in the effectiveness of TB treatment. The 
dominant M. tuberculosis genotype lineage in the iso- 
lates tested was CASl_Delhi. 

Acknowledgements 

The authors wish to acknowledge Enam Mohammed Salih for her assistance 
with sample collection and Saad S Alghamdi for technical assistance with 
genotyping. Financial support was received from The Academy of Sciences 
for the Developing World (TWAS), the Gordon Memorial College Trust Fund. 
KM and RM received salary support from the Department for International 
Development, UK. 

Author details 

'Al Neelain University, Khartoum, P. O. Box 12702, 11121 Khartoum, Sudan. 
2 Tuberculosis Reference Laboratory, TB Reference Laboratory, Ministry of 
Health, P. O. Box 941, 1331 Khartoum North, Sudan. 3 Khartoum Teaching 
Hospital, P.O. Box 102, Hospital Street, 11111 Khartoum, Sudan. 4 Department 
of Pathogen Molecular Biology, London School of Hygiene & Tropica 
Medicine, Keppel Street, London, WC1E 7HT, UK. department of Infectious 
Disease Epidemiology, London School of Hygiene & Tropical Medicine, 
Keppel Street, London, WC1E 7HT, UK. 

Authors' contributions 

GES participated in the conception and design of the study, performed the 
genotyping, undertook data analysis and interpretation of results and 
participated in drafting the manuscript. IF-E participated in the conception 
and design of the study and general supervision of the research. MA 
participated and assisted of the project design and sample collection. AA 
participated in the conception and design of the study and genera 
supervision of the research. AS participated in assessment of the patients 
and data collection. KM participated in MIRU analysis and interpretation of 
results. CB participated in statistical analysis and drafting the manuscript. RM 
participated in the general supervision of the genotyping, interpretation of 
results and drafting the manuscript. All authors read and approved the final 
version of the manuscript. 

Authors' information 

Dr Sharaf Eldin undertook these studies whilst working at Al Neelain 
University in collaboration with the Sudanese Ministry of Health National 
Health Laboratory. She also attended training in spoligotyping at the 
ZAMBART Laboratory, University Teaching Hospital, Lusaka, Zambia. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 25 January 2011 Accepted: 16 August 2011 
Published: 16 August 2011 

References 

1 . The World Factbook. [https://www.cia.gov/library/publications/the-world- 
factbook/index.html]. 

2. Lewis MP, ed: Ethnologue: Languages of the World. Dallas, Texas SIL 
International;, Sixteenth 2009. 

3. South Sudan chosen as name for new country, [http://www.bbc.co.uk/ 
news/world-africa-1 2478957]. 

4. World Development Indicators database, [http://ddp-ext.worldbank.org/ 
ext/ddpreports/ViewSharedReport? 

&CF=&REPORT_ID=9147&REQUEST_TYPE=VIEWADVANCED]. 

5. El-Sony Al, Khamis AH, Enarson DA, Baraka 0, Mustafa SA, Bjune G: 
Treatment results of DOTS in 1797 Sudanese tuberculosis patients with 
or without HIV co-infection. Int J Tuberc Lung Dis 2002, 6(1 2):1 058-1 066. 



6. World Health Organisation: Global tuberculosis controkWHO Report 2010. 

Geneva; 2010. 

7. Maalaoui N: Strengthening TB Drug Management in the Sudanese 
National TB Control Program: In-Depth Review of TB Drug Management, 
Khartoum, November 10-23, 2008. Arlington, Va; 2009. 

8. El-Sony Al, Mustafa SA, Khamis AH, Enarson DA, Baraka OZ, Bjune G: The 
effect of decentralisation on tuberculosis services in three states of 
Sudan. Int J Tuberc Lung Dis 2003, 7(5):445-450. 

9. El-Sony Al: The cost to health services of human immunodeficiency virus 
(HIV) co-infection among tuberculosis patients in Sudan. Health Policy 

2006, 75(3)272-279. 

10. Dorman SE, Chaisson RE: From magic bullets back to the Magic 
Mountain: the rise of extensively drug-resistant tuberculosis. Nat Med 

2007, 13(3)295-298. 

11. Resch SC, Salomon JA, Murray M, Weinstein MC: Cost-effectiveness of 
treating multidrug-resistant tuberculosis. PLoS Med 2006, 3(7):e241. 

12. Baghaei P, Tabarsi P, Dorriz D, Marjani M, Shamaei M, Pooramiri MV, 
Mansouri D, Farnia P, Masjedi M, Velayati A: Adverse effects of multidrug- 
resistant tuberculosis treatment with a standardized regimen: a report 
from Iran. Am J Ther 201 1, 18(2):e29-34. 

13. Shin SS, Pasechnikov AD, Gelmanova IY, Peremitin GG, Strelis AK, 
Mishustin S, Barnashov A, Karpeichik Y, Andreev YG, Golubchikova VT, et ah 
Adverse reactions among patients being treated for MDR-TB in Tomsk, 
Russia. Int J Tuberc Lung Dis 2007, 11(12):1 314-1 320. 

14. Otto PA, Agid A, Suzan , Mushtaha : MDR-TB is in town; and might be 
tugging along XDR-TB. Southern Sudan Medical Journal 2009, 2(3):1 1 . 

15. Cavanagh P: The sensitivity to streptomycin, PAS and isoniazid of strains 
of Myco. Tuberculosis isolated from patients in Khartoum and Wad 
Medani. Tubercle 1965, 46(3)250-255. 

16. El Sony Al, Baraka 0, Enarson DA, Bjune G: Tuberculosis control in Sudan 
against seemingly insurmountable odds. Int J Tuberc Lung Dis 2000, 
4(7):657-664. 

17. Sharaf-Eldin GS, Saeed NS, Hamid ME, Jordaan AM, Van der Spuy GD, 
Warren RM, Van Helden PD, Victor TC: Molecular analysis of clinical 
isolates of Mycobacterium tuberculosis collected from patients with 
persistent disease in the Khartoum region of Sudan. J Infect 2002, 
44(4)244-251. 

1 8. Geonames. [http://www.geonames.org/search. html?q=&country=SDj. 

19. World Health Organisation: Guidelines for Surveillance of drug resistance 
in tuberculosis.Edited by: Aziz MA. Geneva: WHO; , 2 2000:. 

20. Canetti G, Froman S, Grosset J, Hauduroy P, Langerova M, Mahler HT, 
Meissner G, Mitchison DA, Sula L: Mycobacteria: Laboratory Methods for 
Testing Drug Sensitivity and Resistance. Bull World Health Organ 1963, 
29:565-578. 

21. Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van Soolingen D, 
Kuijper S, Bunschoten A, Molhuizen H, Shaw R, Goyal M, et al: 
Simultaneous detection and strain differentiation of Mycobacterium 
tuberculosis for diagnosis and epidemiology. J Clin Microbiol 1997, 
35(4):907-914. 

22. Mazars E, Lesjean S, Banuls AL, Gilbert M, Vincent V, Gicquel B, Tibayrenc M, 
Locht C, Supply P: High-resolution minisatellite-based typing as a 
portable approach to global analysis of Mycobacterium tuberculosis 
molecular epidemiology. Proc Natl Acad Sci USA 2001, 98(4):1 901 -1906. 

23. Supply P, Allix C, Lesjean S, Cardoso-Oelemann M, Rusch-Gerdes S, Willery E, 
Savine E, de Haas P, van Deutekom H, Roring S, et al: Proposal for 
standardization of optimized mycobacterial interspersed repetitive unit- 
variable-number tandem repeat typing of Mycobacterium tuberculosis. J 
Clin Microbiol 2006, 44(12)4498-4510. 

24. Mallard K, Sharaf Eldin GS, McNerney R: ScreenTape as a tool for the rapid 
differentiation of Mycobacterium tuberculosis isolates. J Med Microbiol 
2009, 58(Pt 9):1 266-1 268. 

25. World Health Organisation: Anti-tuberculosis drug resistance in the 
world: Report Number 4. The WHO/IUALTD global project on anti- 
tuberculosis drug resistance surveillance. WHO/CDS/TB/2008394 Geneva: 
WHO; 2008. 

26. Temple B, Ayakaka I, Ogwang S, Nabanjja H, Kayes S, Nakubulwa S, 
Worodria W, Levin J, Joloba M, Okwera A, et al: Rate and amplification of 
drug resistance among previously-treated patients with tuberculosis in 
Kampala, Uganda. Clin Infect Dis 2008, 47(9):1 1 26-1 1 34. 

27. Traore H, Fissette K, Bastian I, Devleeschouwer M, Portaels F: Detection of 
rifampicin resistance in Mycobacterium tuberculosis isolates from diverse 



Sharaf Eldin ef al. BMC Infectious Diseases 201 1, 1 1:219 
http://www.biomedcentral.eom/1 471-2334/1 1/219 



Page 8 of 8 



countries by a commercial line probe assay as an initial indicator of 
multidrug resistance. IntJ Tuberc Lung Dis 2000, 4(5)481-484. 

28. El-Ansary EH, Mohammed BA, Hamad AR, Karom AG: Brucellosis among 
animals and human contacts in eastern Sudan. Saudi Med J 2001, 
22(7)577-579. 

29. Helb D, Jones M, Story E, Boehme C, Wallace E, Ho K, Kop J, Owens MR, 
Rodgers R, Banada P, et al: Rapid detection of Mycobacterium 
tuberculosis and rifampin-resistance using on-demand, near patient 
technology. J Clin Microbiol 2009. 

30. World Health Organisation: Global tuberculosis control: surveillance, 
planning, financing. Geneva: WHO: 2008. 

31. Kremer K, Glynn JR, LillebaekT, Niemann S, Kurepina NE, Kreiswirth BN, 
Bifani PJ, van Soolingen D: Definition of the Beijing/W lineage of 
Mycobacterium tuberculosis on the basis of genetic markers. J Clin 
Microbiol 2004, 42(9)4040-4049. 

32. Glynn JR, Whiteley J, Bifani PJ, Kremer K, van Soolingen D: Worldwide 
occurrence of Beijing/W strains of Mycobacterium tuberculosis: a 
systematic review. Emerg Infect Dis 2002, 8(8):843-849. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1471-2334/l 1/219/prepub 



doi:10.1 186/1471-2334-1 1-219 

Cite this article as: Sharaf Eldin ef al: Tuberculosis in Sudan: a study of 
Mycobacterium tuberculosis strain genotype and susceptibility to anti- 
tuberculosis drugs. BMC Infectious Diseases 2011 11:219. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at S~\ RioM _j r P ntral 

www.biomedcentral.com/submit \ J BHMWea t_entrai 



